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Effects of high temperature stress on spring maize and
its technologic solutions in North China Plain

TAO Zhi-giang, CHEN Yuan-quan. SUI Peng, YUAN Shu-fen, GAO Wang-sheng”
(College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract This paper studied limiting factor (high temperature stress occurred during grain filling period) for high yield
production of spring maize in North China Plain(NCP). By analyzing the available high yield technologic solutions for
spring maize under high temperature stress (HTS) , we expected that spring maize might break the barriers from HTS
during grain filling period in NCP. The results showed that the main clinical manifestations of spring maize under HTS at
filling stage included, shortened the linear growth stage of maize grain; reduced the grain size and the amount of
assimilate transfer to grain, leading to a reduced grain filling rate; pollen abortion and mismatched pollination period
which reduced seed setting rate; the temperature over 35 C would reduce root growth rate and hindered the lateral root
growth;reduced photosynthetic enzyme activity, chlorophyll content and PSII function, which resulting in photosynthesis
reduction; lowered leaf water status and plant nitrogen accumulation;induced sheath blight and bacterial wilt. To break
the barrier exerted by HTS on spring maize during grain filling stage, the following practices could be used:advancing or
delaying sowing date to avoid high temperature, breeding high temperature tolerant maize varieties; applying chemicals
such as exogenous salicylic acid (SA) ,kinetin (BA) and abscisic acid (ABA) to improve the tolerance; pre-exercising

with high temperature well before the grain filling stage; practicing agronomic and farming approaches to regulate the
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nutrition levels and soil and water and light properties. Based on this study, a design integrated technology of the

individual techniques could be used to form an integrated technology system, thus to improve heat tolerance and

increase spring maize yield under HTS in NCP.

Key words North China Plain; spring maize; high temperature stress; high yield

FORE T ESE — KR EEY , $2 5 28 1 AR
PR MR E AR AR e A EEE X, EILF
FRASEE R EZXKZ—. #E45% . 2006—2008
AF MR L X 8 4 (ELRE T R ORI R T AR o 4
[ 40. 9% . M7 A E R 40, 9%, TAEIL R
KGR B e b X, B A A 7.6 %0, AU
S /5%, BN /NE G R E Bk —4F 2
il & /N AR B AO K S BOR X
R A = K LTS P G o8 . PRk, 3RO gy
K R oA i AR 22 T R S A RE K IR B L AR
RGP X K B R fe ML A FE AR R 22—
AN A K A R AE AT R R K 1Y B[]
ON AT RNZS [ A AT RS A B SR i R LA P R T R
TR AR 72 S ARG L R OK B RO
721600 kg/hm™ ), [H L, fEJb b X o] LLR FH & &
K — SRR AR 43 T B 2 T ST A R ARl A o
THOK G R BB &L IR M HbR . 2
M A2 FER W iR a0 S B R R L R ORI R
NI RBEW TSI, A XTiZ R A E TR T
fiff DR 127 [X A T K T 300 v T I 3 T 3R A 7 A B
ARIEAR B FE AR [ 58 36 T K 15 01 98 3 0 i 3t
BT AT T — SRR R A R R 2
DA B0 — 2 FoR B E W B bs . FLAH
L AR R AR 5T B —  F R BRSNS, P,
T BN TR AZ M MU &, TR R
TR 6 1 AR AR AR L TE BRI R AT I 3R L, RS
Wt MRS TR I R, R A AR KR, %
I, AT 255 T B P A0 i T B OR AR K R E W ia
SN 118 O Y e 1 W < | ) O < o N e =
SERETE S R0 LB R R AT T
ORI 5 LA A 12 485K 1) ATF 5 48 43 T Ay v A ) L I

1 EERZTEMEHINE

N T TR AR K S BEE I ) e L 38 Y 4
AREBAE B ST W w0 5] A ORI Y
JECA LB, 75 e Al b A BB AT 08 1 3t i 3 A4

() F AR S B i A2 EAT A . B DR R T o IR
S T R AR 08N I TR T R R B L R R T
FECOEINARE BRI, 2D
EAELR T Bk N e i RN — S R e T
A E AR G e AR R R T
WP 2 95 FE 38 5 = & T AEVE SR 38 35 “C LA b i il
BHAE T A UK BRI T B2 80 36, HL R AR IR &R 4 52,
MR DI RE T R, TR E FRART . DL R R AL
SRS T AR ORI T OK A7 TR 8 S 1 2 B
ol AR b X BT K 37 R b 38 A £ R A AT
ARG W AR R FH T K32 &R W0 0 S5 AL
P T 4> BRI ff WL R GE . PR L A ST 4R A H G
FE AN ZT L 2 T ARt i X i i 8 T K
PR AT RENLEE , R AR 7 AN W D R T R
B T SR TR FPRIE R AR, 7 2 i
2) 1 T A AR T VR R R B R I 3) R TR A B
TOABMEREAR  ARRIEW B 2R KT
BEIIR A (e AR T g AR I A AR R 2 R R A 2
A B 0 35 5 B B O A B AR AR R L R T Ok A s
R 5) o AR R B R B B i S AR K R AR
Fal i R 2 R G L R 5 6 R iR A
Fr B K 20 RS B T 1 K BRI T M R IE A
T RE Rl HE &L T 7 T OK IE F W lsoOR A H 3R
SYEITNRE s T) S A SR AR & AR
1.1 HEEEH

AL b DX T 45 R Ok A B R B e 22
SWFEREHNZ —, BEERINLAE 2 D m: D &R
G THEEREFRARKY. XU SRR,
REHWIXEE 4 H 24 HS5 5 7 15 HH E KM
PRI EEFRAERWZT T 59 d. 5 & W EF B
T H SR LR > T 8 dN s I R A AE L BT kb
XART 2 FHEKRMIKE . 45 RL L EW4 AT
R 5 AR AR EREFRAEKYH YIRS N
20.9 F123.6 C.HIHEKRFEEIRERKIIK 14 47,
2) FIRAR T A B ORE KRS, B AR T R N
H, 4% Daynard ZF0H , T KR 50 S0 K R4k



22 hoE kOl R O%E ¥R

2013 4F 55 18 %

R ) 2 G P 2R M DG R L v 1 IR L 4
BT ERFRE LR T REYY, EARKEX LA
GBI A W T AR ERE K T, 45 1 3%
AL 4 H 10 H A Tk fh R ea 22 2z &
B B, WY H 3850 50k 26,7 A1 26. 1 °C L ML
(14 75 5 K KPR I 3 2 M K R 19 43 0 Sk 15 N 21
d, PR 1 ) B A R0 T 5 43 51 ol 292, 3 T 335. 7 mg/
i, H2EH B E(P<<0. 05N, Hitk, miRgim 74
B AR THEERRBEZH TYI, YFF K
A B A KRR B B L S i b LRt TS R Y
Py LR L BEAR T
1.2 BEREREZR

B G0 4 AR R T K B R K R, R
Tashiro ZF#GE , R =31 °C Al I & B AR T oK B 3
R R G AE TR I E , SR X, R OR
FE 10~25 °C 35 il 9 98 2% ok =% o Ok T o o v 7
25~35 CIFIAREAR, 40 ~45 C W F AL, HAl
PRIAE 2 DJ71H . D = R AT RE4E /D T R AR B
AR T HESRHR . A8 KR , 1K R IR B
SO E I RO H S R S IR AR . 2) m iR Al
REA S 1 250 1 ot 22 ARk R[] Ak ) 2 0 e g
AR T SRR i SRR MG A ok
st A A T R ZE 8 v A B )RR IS B R A
DRI I 8 1 30 o R A R S o T 5 R AR O
WER AR ] Pl 0 7 s i, T i 2 R S Sl 3 PR AR P SN
1.3 BEEGXER

KT REAE 5T 3R B, BRI b X R OK AR W52
TRAE T MEAE ISR o e B 32 0 4% 1 0 Ak, BE AR 22 4
B GEIREEAR, FHO0R 0. B Porter iH L
WAVET AR B R B b Pl R 758, TRk AL 1Y
Z R ERE AR, Bl R fEIE W L %
RO BT LB AR R E Fok A 2 E
I 38 A8 AV 225 52 3 T i 7 AR A DL 23 L (H AT R R
PR Z —
1.4 #MHEXE

TKAFRL T W A 95 % Ae A7 H 5 ol 18] B2 b
FOGAVE R, Horh 4 J8 43 oh i 22 J5 19 0% & A At
AT Y IR X (A R R VAL W | e B A
i Berry S i, = i3 38 i, 78 F At e R & A 2
B OE AR R BUR W 2 —  JF BT R S 9k 52 &

il > C, AP R IR T 38 C L HOL G
HORPE B EME T B Karim 38 , ER A1
WG 42 CAEFE 90 min FEAE T304 Ry,
T AR R R T B B RO A R R AR
RTeRG N (PSR EE 5 (F,/
F,) H 15 3 [0 S5 bR it 77 i Dpsy > MR B W
J& s Fo/ Fo R @osy AXETH L L, 0T &
KV IR A7 v R A o A A ) S — i R AT R
FREAL T AR, B DR
A RS 25 A8 R ZH 2000 2E B AR AR e b 1 AR fb . R (AR 4
F i) PS LB A o 2 K A2 3 e 40 3 0 2 )
RED A, T PS T 52 345 35 6 T B 2 3R 9Ot Kk A 78
R, 2) R R SRR A R S . Zhu SFAFSE
SEREH], FKAE 35 M1 40 CHIEIR S FAH L 25
CHATE IR THRE a HER b LEHE MR
FHROBRERTOLAERES, ZEEERKTHELXK
2 07 2 X TR T 2 PR L I (PEP Caase) FAZ B —
T2 R AL (RuBPCase) 16 M, ok MESHGE , H #R
28.4 °C(£:K 9:00,12:00,15:00 A1 18:00 Ay IR
P W E AR T Z E Kk i 1) PEPCase #l
RuBPCase £,
1.5 MHERREK

1o il T RE PRI B OR AR R A K o Btk g
L BRI R . e R AR U b X b R 20 ~
24 °C U2 FORMFR A 0y 55l TR B, 4 bR e i
35 CHT, B FEORAR R A K B R A%, B 2 X 4R
(A REL B o A B e T L AR gt BRI,
TR R AR R AR K, 3 T 5 e AR R T K 43 SR
53 B0, BR A 7 i
1.6 KHOMENRETHE

ER AT B K I K AR A R AR
i, Zhu ZHRIE , K32 35 F1 40 C i ria , B%
T R AR B oK SRR K T, 40 °C iR e i
AR T Rk B BCR (P /B ™ sl R A B 5%
T, B BRI AZ 35 CEmiRhE mMka R 2
BRI T 5%, b, A2 A6 F IR & T K 3 2% )
% veh Uk IR 3 AR AR AR R X 7K 3 R 43 W AR A, AT g
2 PR s 7 A B A
1.7 /E

AR J5F T KT IR 38 AR T | e A el



%Al

Pl 5 A5 AR AR o oK g M 00 R MR AL B e A AR X R A 23

M) 5 — R . R AR 4 A I, SO I TR R 22 A K R
I R ¥ 30 “C A2 A L AE 10 °C LLUR AT 38 °C LA B A5 1k
AR S R R AR RGE L AR X R R
FN 2L A BB SR R KRR A S R AR (X
BRI ) RFAT - il T A K AL L i L
Al 995 T o R R K R B R Y T o S AR
A6 J T oK HE ) = TR A B A T RE 2 51 5K A A
R = o T AR

2 HARBRER

PN o T I = V< [ PN = DG = e
KRB EEER LW TEERNET
W R R AR R AR OLAET  KIE
W BE ) K g A D7 T, #E TR AL TR B oK B9 IR
WARKK T VM. KO, 2% B8 Y 0 U8 2 5 iR
0w R W 4R R R IE R AR K AR Pk H
BT B S B ST OB I A R T R R K A R O
i, R WE ST R AR AR R OK A7 R IR V38 1 R
PR, N T ELAE R R K Y AR B AL AE DL R ol
HA85 2 Jy i ¥ R GT . 20 SOk 4 A BF 9 R
BB AREREA LT ILA .

2.1 B

T L 7R TR K I % B0 AT L S 1 T 6 B
(I FZ MR, ARAG & 7= . LA A6 SR A B ] 2% IXOE 1)
FEKREY —WAE 4 A 24 HETE . BRI A Y 8
FN =35 C 47 2k i il B2 H7 sl HE IR B 1, AR g (1 &
T KV SR R U R HRRGE L R HLIX
Wik H 15 HOBRHEMU A 24 HOMF T kAR
JIHE B KPR W /D, R B 0, E SR R R A
R DL K H O 25 38 K T i B3R R P, i
FENIOL TR R AR ) CRD AR A B R AR A L (B
o KT SR R R B 3 R AR R X RO R
ez —.

2.2 G

AN TR K R XoF v T R 38 1) R A TR 3 T
RV R Y B R A DR R OK R 38 B A RGE
o IRARCTE IR R T SR A N AR 2 B oK 5
iy 7 s AR B0, S5 R R BT, A K 108 77 o fw ey - HL IR
REBSO RIS WES S WP 2 5 MEFEA
149 F AT T m A R 4 A T K Rl

B A BRI L 25 R R T R L T0CHSP 70) AT LA
Sy R Ee U o =) ST g B N O ET = W A i TAN
T EER N, &R W aa e, Jk YN
(MDA) & 7 B AL B LB 57 FR GE PR i iR 23 4k
Y CAPX) A8 R KGR IR B (GRO | 4 4801k 9 157 1k
it} (SOD) 1 %8 Ak SR CCAT) (3% P 36 n , {H J2 4l
JH HSP 70 (kB2 AW 50, 20 0 B T M 7 i
AT E M, UL HSP 70 XF 48 25 K 5 A i 44
PEEA BRI 5T 45 5 Ok 3k 7 TR A A 4R it
THISKE .
2.3 H=FiEE

o T A8 SRR R R P R R T K
F149 75 b K AR A 27 8 s 6 AR 90385 07 15 8 i T A i
AEZAEN ., PRMEBER R, & R VK IR
(ABA) 2 AN AT 24 28 (CTKD | Jifi 2 1 I =5 ik
(GBI AR, ABA J&— > 29 i #4410, IR
P& ABA BB T 77 A — S BB AR (1 T L #A L
Wi R K AR K ) R R S 3
TAFRL ABA 5 1, $2 & i S L 20 X R OK
SR Ak 4 o e b A T EEVE L 4 ok XU S5 iR
R T0E £ A e B O
5. I H LR R 5 A P i e 25 DDA 56
MG A2 TR 45 B2 5 B KT B 1 A SC B AT 5 Caers
SERAE AN B B (BA) RERS I > B KA R F
FE R EIFUGE A ERE . Wang
LMt K R (SA) A B T4 RO it B R &
FaE v ARG I pbE S R, 3 ol s R 4R
A K R T A AT B A R A R ORI R TR
HWHEARBRZ —.
2.4 EERBE

P Sinsawat ZE i, E KW AE 35 C A K 20
min, YA BN H 50 %0, H] 45 C LA L3 B b oK v
B A5 5 AHJR SR AR 41 °C LR 50 “C 3B
e, KT 4 AH GRS I 8 AR B A A A AR 1E, BEEA 41
CHPREEXT KRBT T S IR W T HAE 50
C i #PE . Gong 4 Fl Crafts-Brandner 45 4}
TE WG N R RE BB S B K R AR
AR SCATF 55 38 A5 L Ath Rl 0 1) i, 51 2 G 2 A0 L &
INFEDT R RS AR iR R L FE R R K
VIR 32 i R T 0 22 R F LR TS Y Y TR A B



24 S L I N s S

2013 4F 55 18 %

rh AR, AT REA B TG i L B
2.5 EFEFAE

YEY) 32 3300 55 W 38 5 A= BEMLEE T M L (0 2l i
S A B L BB A A TR A BRMLBE T R I 3 A 1 7
PO B X e U 3 B I R OK FR A W R fE T
AT DA 3 5 5 A R 3 8 AR AR X SR o Wl S R
FHIIRE I . 4 = L bk . A pF R 3R, A LR R
MU BC & s FH , 68 A7 2% 4E 2% /)N 22 AR 2R R JE i 52
ZH0 . Marschner )38 . 47 J& 1 90 A= £ B9 26 75 15
HILR .S 5N ERHSEFZ LB . MY
EHAKE B SR PEEEZEWHMER . =
SRR A R A K ORI A E T B
Malhi 55 H 38 o 75 /)N 22 45 759 391 R0 Pk 1L 309 . ot T o i 41
A 0.20~0. 28 kg/hm®, fE W F R = &0, B
2505 W ARG MG it A IR R A AL 3 in B R OK IR AR
HRABORM AR T &, 2 5 77 i 426 ~20 %" I8 W]
AR B IE BoKZE ISR . L L KB AR AR
ARE SR ER A TR A A K IF A PR E
WL AE T 1. AN I Z TR LB IR
TR A B A B T R SR A P s Y 2Rl
ORI M ER AT DL FOK M i S AL RE D .
P K o I ORI 3K S R
W5 22 B 8 AT LASR & oK T o FURE R = o, 3 5
R RS 2R A B AT AR Ok AL 8 O 5 it AT ML
RE it FH ot o0 28 AR I8 LB A L A= S B kb it B0 A AT
AE 219 5 A B R 1 IR $
2.6 HHERAE

Al BHEA B F 0 1 8 0 K IE & 14, £ i 1
VHAERKES. IRIBEWIE I B R R 4K, 1
TR AR K B K AR S Y S R
ZEVERENS G AR M i I i 4 3R 5 1 L A KRR
W A E R, ER RSN Bk
INZZTHE I I S 3R Y e TOAE AR T AE 2 A AR
W IR T RE A ORF RV K B[] 3
OO RO R Y A g R L KR 2B A L1
SEYTRMEIN 15, 4%, SR GE L 2R RE NS AR HE
KRR R RS SR A OC OB 58 R T SR AE /N
22 MUK FE J7 T W 5T, 284 2 & e 08 32 = 7 B oK
A RebaT . DAL, R G VR B AR A IEEE
3, AT REJE 3 = AR AU IR ORI A ) — SRk 42 .

2.7 KoiEE

R S 5| RAE W K 53 75 B AR 58 i G IS
it 0 A K A RS T LUAT R AR i b
Xiao SEHE , 76 i B 19 2F T R Hb X, /N2 A5 Wi 1]
A7 B R (14. 3 CH¥G I 0.8 °C, /7 & #& & 5. 3%,
BN 1.8 °C L BRR T 5. 7% 4 FEHEWE 30 mm A
RN AR AT RS 1 77 R K #h S 60 F1 90
mm, fEE L /NG PR 3L 8 0 F 10, 1%, kAR
{ZJFRE T iR A F T IR K A s 488 i 3 R K SR 1
WFGT 45 5 3 W, 34 o o W% o R0 /K Ok B0 L34 vt
JIE (150 kg P,Os/hm* 7E K H #1256 AL 18 i) e 6%
B R K I AR RO TR L B R, O LR
L4 i B R ORI A 0 8OR P T RS e . DS
Ab . Zhu S8 HiE , AM B AT EOR G 284, BE 42 &5 35 AN
40 C R F B (7 B KA KA # R I
Uy B ) N7 o NS S NI I R v 1 8
TR A B35 ol 35 4 oK B B R £ B A K 43R
L, T BE 4 1 AR ORI I A AR
2.8 FHEAR

AT TR Y A 0 Rl 5 =X R R B AR
H BRI B m AR B G RE R T AR AT DL AR
YEMI R AT . &9 S5l . F oK 70 em f7HE
5 65.60 F1 50 cm fTHEAH L, A2 F 5 B 7o Gk
SR A A 0 SRR S T e S SR A
AR THKET A G EBCY, S RE. 2
T KR AT 58 45 R X AT DA R 2% R 4 0 e
FEVR RIS Z 0] B 2 J B2 i B R OR AR &R 1 250t A
TapE, XA ERAE R R, HEERRA
40+90 cm By FEAEAT AR Iy 20, BRAE I 2 R A,
B 0~40 em 2 E MR AR T E 32. 6%, K H
FRI-TE AL 457, 2~3 199. 0 cm®, 3 I B KR T4 &
28.9~52.9 g BT 13, 6% Ik, BF 5T
RAHE MM 2, BT e et F £ R Z
(R Y S ENNE % N o
3 MNEERE

ZE L RTIR , H oAl X A2 A H X R R K AZ i
H AR B FEAR 2D 38 i A3 B B B OK /N KRS

VEY) 32 v T W 300 4 J5 PR AL B, A B S8 4R 1) T %X
A 5K 32 e i 3064 52 i AL R AT RE A A DR gk A8



%4 ) PR 4G . AL A K v TR 36 B LB % A AR I o R 25
(B 1) R 3 B TR A B i HLEE Fn el 3% H A 55 5 W IR B R LK R g R R A Oy RS Ty
F AT DUNHE )8 A R e T L bR A L R 1] 5% .

ATRE AR TR 12 e it 45 P AT LR
B N _
B o THEBUR |
R
JR— AikRET | < fhige |
iR T |
nf K 3hiE | \
BRI WA |
= K |
AR
FiR < Pomine 1 | > kL “

1 PR t‘ﬂ% Indicates decline

1 EEKRZETE

Mechanism and technologic solutions of spring maize under high temperature stress
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